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(5) Storage tanks for liquids. 



(§) Theinvention relatestotanksforthestorageof liquid and 
has particular application to the land storage of liquefied gas 
at low temperature at or above atmospheric pressure. 

An object of the invention is to provide a lobed storage tank 
based on those described in U.K. Patent Specification No. 1 
522 609 and U.K. Patent Application No. 37247/76, which is 
particularly suitable for land storage. 

Thus, the invention provides a storage tank of the kind in 
which the walls are formed by a multiplicity of connected, 
parallel, part-cylindrical lobes presenting outwardly convex 
arcuate surfaces, which is characterised in that the side and 
end walls thereof are provided by a single tier of connected 
lobes, in that said lobes extend in one common direction over 
the tank, in that the end walls of the tank comprise part- 
spherical knuckles closing off the ends of the part-cylindrical 
lobes, and in that a separating plate is provided at each lobe 
connection to strengthen the tank against internal pressure 
and to divide it into separate storage compartments. 
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Storage Tanks for Liquids. 

The invention relates to tanks for the storage of liquids 
and has particular application to land storage tanks for the 
storage of gases such as natural uas, petroleum gas, ethane/ 
ethylene and noxious gases such as ammonia and chlorine, liquefied at or 
below ambient temperature and at or above atmospheric pressure. 

In U.K. Patent Specification No. 1 522 609 and U.K. 
Patent Application No. 37247/76 there are described tanks of 
lobed design, particularly for use in ships or barges for the 
overvjater bulk transportation of liquefied gas. 

Due to the shape of the hull of the ship or barge, for 
economy of cost and space, it is desirable to provide tanks 
which are more or less prismatic, whilst from the point of view 
of effectiveness of containment the container walls should be primarily 
in tension rather than in bending. 

To this end a tank design is described and claimed in 
Patent Specification No. 1 522 609, which is provided with a 
multiplicity of lobes which are interconnected longitudinally 
and vertically by a suitable support framework so that the 
overall shape of the finished lobed tank is generally prismatic, 
whilst Patent Application No. 37247/76 describes an improved 
support arrangement therefor. 

Because the present invention is particularly intended 
for land storage, the restrictions imposed on tank dimensions 
by the shape of the hull of a ship or barge are not of importance 
and, it is an object of this invention, to provide a lobed tank 
arrangement particularly suitable for land storage. 
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According to this invention there is provided a storage 
tan v for the storage o £ liquid at or above at m osoheric pressure, 
of the kind in which the walls are forced by a 
o£ connected. paraUel, part-cyiindrica! lobes presenting 
outwardiy convex arcuate surfaces, characterised in that the 
side and end walls thereof are provided by a singie tier of 
connected lobes, in that said lobes extend in one co-on 

tan* comprise part-sphericai k P uck!es ciosing off the ends o, 
the part-cylindrical lobes, and in that a separating plate is 
prodded at each Idte selection to strength the tan. against internal 
assure, cne or more of said plates being li.,uid tight so as to divide the 
tank into separate storage cenpartments. 

Preferably, the connection between each adjacent pair 
of lobes is provided by welding to two arms of a generally 
• ..y-shaped insert, the third arm extending inwardly fro. its 
t espectlve tank wall and projecting into the tan, interior.each 
separate plate being welded around its periphery to said third 
arm of its respective said insert. 

In order that the invention may he readily understood, 
and further features made apparent, one exemplary embodiment 
constructed in accordance therewith will now be described with 
reference to the accompanying drawings in which :- 

Figure 1 is a fragmentary part-sectional' longitudinal 

elevation of the storage tank, 

Figure 2 is a view on the line II - II of Figure 1, and 
Figure 3 is an enlarged view showing a nude point of the 
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tank in cross-section and a tank support. 

Referring to the drawings, the tank 1 is square or 
octangular in plan and is intended for the bulk storage of 
liqU efiea natural gas (LNG) at a pressure of 1 to 10 atmospheres 
absolute. 

Th e tank 1 is made of a steel which is not embrittled 

„ „ q» nirkel steel, or stainless 
by the very low temperature, e.g. 9% nickel stee 

steel, or an appropriate aluminium alloy, and comprises top, 
bottom, side and ena walls A,B,C ana D respectively consisting 
of a multiplicity of outwardly convex, part-cylindrical parallel 
iobes 2, 3 connected together to extend along the length of the 
tank The overall plan aimensions can be varied to suit the 
si te on which the tank is to be built and can be square in plan 
or its longitudinal or transverse dimension can be made 
significantly greater by increasing the length of the lobes 
2 and 3, or respectively by constructing the tank with a greater 
number of intermediate l~.s D.Thus, in accordance with this 
invention, only one tier of lobes is provided, thereby eliminating 
any need to provide a framework, plates, or the like to connect 
iobes horizontally. The two side wall lobes C, in cross-section 
(see Figure 1), each have an arc of about 270°, whilst each ^ 
intermediate lobe 3 has top and bottom wall arcs of about 90 
emanating from two centres offset from the median horizontal plane 
of the tank. The end walls D of the tank are composea of part- 
spherical knuckles « which close-off the ends of the longitudinally 
extending lobes 2 and 3. The lobes 3 and the knuckles 4, in 
their transverse direction, each have the same radius of 
' ourvature, the chord length of each of the intermediate lobes 3 
is thus the sa»e, so that they can each be made as a moaular 
construction. Over the height of each knuckle 4, the 
vortical raaius of curvature may be equal to or greater than their 
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transverse radius of curvature. With regard to the side lobes 
2 referring to the left-hand lobe in Figure 1, the right-hand 
part referenced E is equivalent to half an intermediate lobe 3, 
whilst its left-hand part, referenced F , has vertical radius 
of curvature which is equal to the vertical radius of curvature 
of the knuckle 4 at its vertical centre-line. 

Referring now particularly to Figure 3, at the 
intersection lines of the lobes, i.e. the "nodes" between 
adjacent lobe arcs, three-armed insert rings 5 of generally 
Y-cross-section are used for the welded joints between said 
lobe arcs. . As shown, the arms 6 and 7 of the insert ring 5 
are appropriately spaced to be in alignment with respective 
edges of the top and bottom lobes 2, 3 and the edges of the 
knuckles 4, and the parts are butt-welded together. Also, the 
third arm 8 of the insert ring extends perpendicular to its 
respective tank wall so as to project inwardly into the tank 
interior. An important feature of this invention is that each 
insert ring 5 supports a plate 9, the plate being butt-welded 
around its periphery to the free edge of the arm 8 of the insert 
ring. Thus, the plates 9 perform the functions of providing 
internal ties for the tank, particularly against tension forces, 
supporting the -tank when empty . and providing separating walls between 
the lobes 2, 3 to produce separate storage compartments or cells 
over the width of the tank. 

Referring again to Figures 1 and 2, it can be readily 
seen that the tank provides a low profile. For safety reasons, it 
is very desirable for any land storage tank to be sited within 
a containing dyke at least partly below ground level. As shown, 
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the dyke is provided by an excavated lower part and an upper 
part which is built up above ground level 13 by the excavated 
spoil 12. The dyke is defined by re-inforced concrete side 
and end walls 14 and the tank 1 is constructed progressively 
within the dyke ; it will be appreciated here that construction 
is simplified particularly by the use of intermediate lobes I 
of modular construction. Also, the required storage vulumfe 
can be readily obtained by the provision of a dyke of a length 
and width such as to accomodate an appropriate number oi end olid 
intermediate lobes 2,3 of a predetermined length. 

The lobes 2, 3 of the tank, in this embodiment, are 
supported by longitudinally extending bottom support brackets 15 
provided one along each nude between the lobe bottom arcs. 
These support brackets are described in more detciil hereinafter, 
Also, to prevent the end lobes 2 sagging, particularly when the 
tank is not pressurised, support straps 17 extend from the 
adjacent side wall 14 to the foundation as shown in Figure 1. 
Alternatively, a rigid foamed glass support block (shown dotted 
at 16) having an appropriately concave-shaped upper surface 
can be provided. 

To provide the necessary thermal insuJ.tting effuct, the 
space between the tank ami the dyke is filled with insulating 
material 18, which is of a thickness and quality to maintain the 
gas in its liquid state with a controlled, relatively small 
amount of pressure rise. A suitable material, for use would 
be perlite. 

It is necessary to protect the insulation from the 
weather and to provide an enclosed space around the tank which 
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c an b e .aintained in an inert condition, .... by the »" »« 
ni tro 9 en. -s is ^ .V 9 a roof X. « 

sealed to the dy,e walls. X. 1. intent -at the 
be sufficiently stron 9 to withstand the — « «*" « 
thl s with a roof of relatively U,nt construction, said roof 
is provtdea with feet 33 which rest on t h e tan k top noaes. 
„ his enables a ,ar g e span for the roof to he achievea 

convenientiv. in oraer to proviae for an early ingestion 
an d iocation of a 9 as ieaK. the space between the tan* ana dy,e 
can he partitionea at the noaes ana in each partitioned area a 
ring of sniffers »ay he iocatea around the tan,. Thrs enahles 
ni tro 9 en fro* each partitionea area to he sailed separate V 
by appropriate meters to identify any particular lea,rn 9 tan, 
compartment. 

B eferrin 9 a 9 ain to Fl9 ure 3, each tan, hotto* support 

br ac,et 35 is Similar to that described in British Patent 

application „o. 373,7/76 and comprises a pedestai structure 21 

Mhl ch is ri 9 idly -untea on a re-inforced concrete plinth 2. 

and has a tray-li,e saaaie 23 at the top on which rests an 

upwaraiy - taperin 9 bloc, 24 of resin-i^pre^ated wood laminate. 

v,-^ material is both load bearing and heat- 
or hardwood, which material is 

inS ulati„ 9 . - mentioned hereinhef ore . these support braCets 
extend lon 9 itudinally of the tan, at spacea transverse positrons 
cor ,espe„din 9 to the node positions hetween the lohe bottos, arcs. 
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I„ a practical example of said tank, intended to 
contain 230,000 m 3 of UG at a gas pressure of up to 50 p.s.i.g., 
the overall size of the tank would be approximately 128 metres 
iong, 128 metres wide and 16 metres deep, the vertical radius of 
curvature of the arcs of the side lobes and the end knuckles 4 
being 8 metres and the transverse radius of curvature of the 
top and bottom lobes and the end knuckles 4 being approximately 
5.7 metres. The spacing of the separating plates 9 within 
the tank 1 would also be 8 metres. 

The insulation e.g. of perlite, would preferably provide 
a mean insulation thickness of approximately 1 metre, which 
w ould result in a controlled pressure rise of less than 1 p.s.i/ 
week (i.e. equivalent tc a boil-off of less than 0.05*/ day 
of the storage volume) . 

As mentioned hereinbefore, a feature of this tank is 
its low profile which enables it to be economically located 
substantially or wholly below ground. Also, the design is such 
that the tank is flexible transversely and. slidable longitudinal 
to absorb thermal contraction/expansion in use. 

A further important feature of the tank is the provisio: 
of the dual purpose separating plates 9, since not only do they 
ensure a rigid integrated structure for the tank (i.e. to 
strengthen the tank against internal pressure and to support 
it when empty) but, due to the fact that they effectively divid. 
up the tank into separate storage compartments, the safety of 
the tank is enhanced. Thus, any fracture will be restricted to 
a single storage compartment, and will result in leakage of 
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LNG only fro. that co. P ar»e„t. « — — St 7 S ~ 

so that shouia a storage co,, P ,- t leat for any reason, he 
LNG in this cogent can reaaily be either preferential 
di schargea into associated vapourisation plant, or flared, or 
accomodated in the uliage spaoes of the otner counts 
usi „g the gas ana liquid loading discharging pipeworK deserved 
bel ow. After the transfer operation it .ay he necessary .... 
if the gas lea* is excessive, to aepressurise the ieafcing 
comp ™t. This will cause a large pressure differentia! 
with the advent co.part,ents. which can he accomodated by 
el astic aiiation of the separating plates 9, thereby the 
integrity of the advent oo.part.ents can he preservea. 

Because t h e tan, is effectively aiviaea up into separat 
co.part.ents it is necessary to provtae appropriate pipewor* ana 
access to eaoh oo.part.ent. as shown generaUy hy the re ere 
„. 30 respectively, for liguia loaaing ana aischarge ana a^ust 
.ent of the gas pressure, eaoh pipe being conneotea via an 
appropriate valve 34. 35 to a respective e— on Uguia or gas 
header 31,32. 

,t will be appreoiatea that, in use. the liquid ana gas 
valves are nor.ally left open so that pressure in .11 of the 
co.part.ents is e q ualisea. also, the valves enahle a lenKing 
co.part.ent to he isolatea ana to transfer - hy use of gas 
pr essure-the liquid containea therein to the other oo.part.en,. 
or. alternatively, into assooiatea vaporisation plant 

It will elso he appreoiatea that the fanU's pressure 
aoahility is such that, during loading, ullage gas can be 
capability .he liquid heaaer 

re „oved via the gas heaaer U ana recycled „- the g 
» tbereby creating a pressure sufficient to .ore, said gas into 
solution. 
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A further advantage of storing the liquefied gas 
under pressure is that loading and discharge of the liquid 
can be achieved via external ground level pumps. Thus, the 
pumps are easily accessible for inspection and maintenance. 
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A storage .an, - the a— °* " " 

of the kind in which the -alls arc , or,„ed 
at.ospheric pressure of »" parl _ cvJiuor ica, 

by . m ultipUcity of connected parallel P ^ 

. 1— — - - — ' ti 

;;,.„.„ .... ... » - - - . 

to strengthen the tank against i^mal pressure. 
„ eac b lobe connection to strengu 

at each ioce ldht so as to divide the tank 

one or more of said plates being Irqurf u*t 
into separate storage conpartrcents. 

B storage tank according to clai. 1. characterised in 
.,t the connection hetween each advent pair of lo.es „ 
^iaed hy weiding to two »s of a general. 

rt the third arm extending inwardly fron, .« res, 

el' separating plate is welded aroand its periphery to sard 
third arm of its respective said insert. 

» storage tank according to Clai* 1. or Claia, 2 
3 ' ^ i r. thjt the Lank is 

p artlcularly for land storage, character, r t a 

sited at ieast partiy ~~ '^J,* J _ a theOT al 
botween the dyke walls and the tank 

plating serial and an inert ,as -osphere. and m hat 
Tof ektenas over the tank and is ,ea,ed to the dyke walls. 
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4. A storage tank according to Claim 3, characterised 

in that said suace is partitioned at the nodes ol the tank and * 
a ring of sniffers is located around the tank in each portioned 
area, thereby enabling inert gas from each partitioned area to 
be sampled separately to monitor each storage compartment of 
the tank for leaks. 

5. A storage tank according to Claim 3, or 4 .characterised 

in that the roof is of relatively lightweight construction and 
its span is supported by the tank, via support feet resting on 
the tank top nodes. 

6 . A storage tank according to any one of the precedinc, 

Claims, characterised in that each storage compartment has respec- 
tive loading/unloading gas and liquid pipes associated therewith 
connected via valves to respective gas and liquid headers, the 
arrangement of the pipework and valves being such that, in use, 
the separate storage compartments can be filled to a level leaving 
an ullage space, the pressure in said compartments can be- 
normally equalized by leaving the valves open, and in the 
event of a leak in a storage compartment, the liquid therein can 
be transferred by appropriate use of gas pressor, and manipulation 
of the valves into the ullage spaces of the other compartments, 
and said compartment can be thereafter isolated. 

7 . A storage tank according to Claim 6, characterised 

in that the pipework and valves are arranged such, and the 
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assure c-P-bimy ol U« I- - • 

during 1-1-,. ^ can L. r-ov- vi. ,« 

, i «■ the JluuJJ Leader so as to ceate a p,-««.iui« 
and recycled via thu jujuj 

- . i i u iii into solution . 
sufficient to force *a.J 
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